A 20-year-old womanwas diagnosed as hypodipsic hypernatremia syndrome in association with a variety of hypothalamic syndromes. Computed brain tomography disclosed a space occupying lesion over the region of the hypothalamus, lateral ventricle and paraventricles. Evaluation revealed defective osmoregulation of thirst and AVPrelease and hypothalamic syndrome. She showed no desire to drink at a plasma osmolality of above 320 mOsm/kg.Dissociation in the plasma vasopressin response to osmotic change and hemodynamic change was demonstrated in this patient. Treatment with a vasopressin analogue, desamino-D-arginine vasopressin and forced intake of water restored plasma osmolality and serum sodium levels to normal. In this case, selective osmoregulating dysfunction was presumably associated with pathologic conditions in or around the hypothalamus.
hospital admission hyperlipemia, hyperthermia and hypotension were found. She became unsteady on her feet, her memory deteriorated and she was confused a few days before hospital admission.
Gen eral findings
On admission she was drowsy and forgetful.
Growthand developmentwere apparently normal and her performance at elementary school had been above average. On physical examination she was 153 cm in ht, and obese with generalized fat distribution, weighing 59.4 kg. There was a sluggish right pupillary reflex and bitemporal hemianopsia. Her skin was dry and she appeared mildly dehydrated. Axillary and public hair were not seen. The arterial blood pressure was 82/52 mmHg and pulse 104/min. Goiter was not palpable. Neurologically there were no focal signs.
Hypodipsia, hypernatremia, hyperosmolality and hyperth erm ia During periods of hospitalization, the patient did not manifest thirst and the plasma osmolality levels remained lower than 0.4 pg/ml in spite of serum sodium levels ranging between 141 and 166 mEq/1 and plasma osmolality levels ranging between 285 and 340 mOsm/kg( Fig. 1 Treatment and course Radiation therapy was performed as the initial treatment for the suprasellar region tumor because the tumor was considered as germinomabased on her history, chemical data and brain CT findings. The lesions were first irradiated with 2,000 rads. Just after the first period of radiation, there was no evidence of tumor on CT (Fig. 2) ; the tumor was considered radio-sensitive and radiation therapy was completed to a total dose of 8,800 rads. This tumor Table 2 . Hormonal status PAVP, plasma vasopressin; pOsm, plasma osmolality; uOsm, urine osmolality was diagnosed as germinoma without histological biopsy confirmation. The CT scan findings and a rapid resolution of tumor after 2,000 rads of radiation were used as the criteria of the diagnosis of a germinoma (1) (2) (3) .
During the first 2 wk an attempt was made to lower the serum sodium by intravenous rehydration. Administration of thyroxine at 0.15 mg/day, and prednisolone at 5 mg/day was instituted, but DDAVP was withheld. Serum sodium level was
lowered, yet it fluctuated between 150 mEq/1 and 155 mEq/1. Plasma osmolality was above 302 mOsm/kgand plasma vasopressin levels were less than 0.4 pg/ml. The patient was alert but denied thirst and did not drink unless specifically told to do so. She was given DDAVP,3 fig intranasally every 12 h, and was urged to take oral fluid by nursing staff. A low dose of DDAVP and forced intake of water restored plasma osmolality and serum sodium level to normal. Consequently
DDAVPwas effective for the hyperosmolality and hypernatremia but it was not effective for the hypodipsia, hyperlipemia or hyperthermia.
SPECIAL EXAMINATIONS
1. Hypertonic saline infusion (Fig. 3 ) For the evaluation of AVPresponse to osmotic stimulus, hypertonic saline solution (5% NaCl) was infused at a rate of 0.24 ml/kg for 10 min (4) . Plasma osmolality and plasma AVPwere measured before and after the infusion of the hypertonic saline.
2. Orthostasis (Fig. 4) For the evaluation of AVP response to baroreceptor reflex, the patient was asked to stand for 10 min. Mean arterial blood pressure (BPm), pulse rate (PR), plasma norepinephrine (NE), plasma AVP(PAVP) and plasma renin activity (PRA) were measured lying and after 10 min of standing for the patient with central diabetes insipidus (DI) and normal subjects. Response to orthostasis after 30 min of recumbency. Venous sampling before and after standing position for 10 min. Orthostatic change evoked the response of the plasma AVPlevels. BPm, mean arterial blood pressure; PR, pulse rate; NE, plasma norepinephrine concentration; PAVP, plasma vasopressin; PRA, plasma renin activity; left, this case; right, normal subjects (n= 5). urine osmolality and urine volumewere measured every 30 min.
RESULTS
Response to hypertonic saline infusion: As shown in Fig. 3 , plasma osmolality (pOsm) in response to hypertonic saline rose from 291 mOsm/kgto 302 mOsm/kg in 10 min. But PAVPlevels showed no response to the change of pOsmlevels.
Responseto orthostasis: In normal subjects orthostasis evokes the release of AVP.As shownin Response to exogenous A VP administration: The exogenous AVPadministration, 1 U of pitressin tannate, interrupted a stable water diuresis with the urine osmolality (uOsm) rising to 780 mOsm/kg (Fig. 5) .
DISCUSSION
The present patient has clinical features similar to hypodipsic hypernatremia syndromes. Key findings are the following: 1) chronic but fluctuating elevation of serum sodium level that was not corrected by fluid administration, 2) intact AVP synthesis, 3) impaired osmotic regulation of AVP secretion and intact renal tubular response to AVP, 4) hypodipsia even with hyperosmolar condition, and 5) correction of hypernatremia with exogenous AVP administration (5) . As in this case, several additional abnormalities are frequently encountered in patients with hypodipsic hypernatremia syndrome: evidence of anterior pituitary insufficiency, obesity, hyperlipemia and hyperthermia. These findings can be interpreted as manifestations of a hypothalamic lesion. Chronic hypernatremia is a well-known complication among patients with hypothalamic lesion. By contrast, organic lesions of the hypothalamic area lead to chronic hypernatremia. In this patient it accounts for the hypodipsic hypernatremia syndrome, the round, well enhanced and radiosensitive tumor expanding to the hypothalamic area.
Germinomais the lesion most frequently encountered in the pineal and suprasellar region, comprising anywhere from 10 to 63% of the tumors of that region, depending on the series (6) (7) (8) . The present patient did not have histological biopsy confirmation. The CT scan findings and rapid resolution of tumor after 2,000 rads of irradiation were used as the criteria for the diagnosis of a germinoma.
Hypothalamic disturbances maylead to chronic hypernatremia, referred to in the literature as adipsic or essential hypernatremia. The dysregulation of AVP release associated with hypodipsic hypernatremia syndrome maybe interpreted either as a quantitative reduction of osmoreceptor function, or as an elevated osmotic threshold. Adipsic hypernatremia can be considered from a quantitative reduction of osmoreceptor function and essential hypernatremia is hypothesized to be due to elevated osmotic threshold (9). Two possibilities could explain the impaired AVPrelease in this case. The first is a selective destruction of the osmoreceptor. Andthe second is an elevated osmotic threshold for AVP release. The latter was not observed in the patient because the plasma AVPlevels remained at less than 0.4 pg/ml even when the plasma osmolality level raised to 340 mOsm/kg.
Adipsic hypernatremia has been observed in association with a variety of intracranial pathologies in or around the hypothalamus. In this case, hypodipsia is associated with defects in other hypothalamic and pituitary functions, but manifests as an apparently isolated defect in osmoregulation.
Probably because of the close proximity of the osmoreceptors, loss of thirst is often associated with defects in AVPsecretion. This pattern appears to be due to complete but selective destruction of the osmostat since in this case AVP responded to orthostatic (hemodynamic) stimuli.
Clinical and experimental findings suggest that the osmostat was involved in the suprasellar lesion, which included the supraoptic and paraventricle regions, with relative sparing of the center to sense hemodynamic change and sparing of neural elements which synthesize AVP. In healthy adults, plasma sodium and plasma osmolality are maintained within a relatively narrow range, from about 135 to 145 mEq/1 and 275 to 295 mOsm/kg, respectively. This constancy is achieved largely by a rapid increase or decrease in body water that counteracts changes in the plasma concentration of sodium and certain other solutes. These changes are mediated by changes in thirst or in the secretion of AVP. In our patient, the suprasellar radio-sensitive tumor was found to be associated with chronic hypernatremia and hyperosmolality. The cardinal manifestation of this disorder is a chronic but fluctuating elevation of serum sodium levels that are not corrected by fluid administration (Fig. 2) . Slight signs of concentration of extracellular fluid volume and dehydration are seen on admission because of dry skin, mild hyperuricemia and elevation of plasma renin activity (PRA). The normal creatinine clearance, the absence of azotemia and oliguria, and the normal plasma aldosterone level (PA) are the evidence against severe extracellular fluid volume depletion. The dissociation of PRAand PA has been previously reported (10) but the reason for the dissociation in this case is not certain. A sustained increase in the effective osmotic pressure of body fluids is due to inadequate water intake. It can result from an intrinsic abnormality in the osmoregulation of thirst (5, 10, ll) . This patient is usually alert yet she displays almost no interest in drinking. Whenhypertonic saline was infused (Fig. 3) , the plasma osmolality increased from 291 to 301 mOsm/kg in 10 min, and the plasma AVP level did not change at a low level of 0.4 pg/ml. Osmotic stimuli were seen to be ineffective in the secretion of AVP. Hemodynamicchanges by orthostasis, however,were effective stimuli for the secretion of AVP (Fig. 4) . There is evidence to suggest that there are blood volume or pressure receptors in areas such as the left atrium, carotid artery, or aortic arch which mediate AVPsecretion by reflex mechanisms (5, (12) (13) (14) (15) (16) . Thus, a similar dissociation in the AVP response to osmotic and nonosmotic stimuli has been demonstrated in other patients with adipsic hypernatremia (5, 14) , indicating that selective osmoreceptor dysfunction is seen in this condition. Hypodipsia in conjunction with the characteristic abnormalities of vasopressin release recently was found in a relatively large population of patients with the hyperosmolar syndrome. In most cases, the condition was associated with pathologic conditions in or around the hypothalamus (17-19). The ability to excrete concentrated urine by exogenous vasopressin (DDAVP) implies that the renal tubules are responsive to this hormone (Fig.   5 ). The dissociation in the vasopressin response to osmotic and nonosmotic stimuli permits some conclusions and hypotheses concerning the functional organization of the neurohypophysis and its regulatory efferents. It is nowconcluded that the osmoreceptors for thirst and vasopressin secretion are not a part of the neurohypophysis per se and are not connected with afferents from the baroreceptors or other nonosmotic influences. Rather, the osmoreceptors must be totally separated from neurons that connect with hemodynamicafferents to act on the neurosecretory neurons. 
